The appearances and nature of mucin complexes have been studied intensively with synovial fluid and similar concentrations of hyaluronic acid, but there is a paucity of information about mucin complexes precipitated from very dilute hyaluronic acid (for example, 2 to 20 Ktg./ml.), which can probably be attributed to the rarity of natural solutions of this order except in bacterial and cellculture fluids. Seastone (1943) precipitated turbid complexes as interfacial rings by layering streptococcal culture medium on acidified serum in high salt concentration. Hyaluronic acid was thus measurable in the range 20 to 200 fig./ml., and as little as 2 jAg./ml. could be detected, but the conditions required for accurate measurement (Meyer and Rapport, 1952) are not easily achieved in cell-culture fluids. Mucin clots have been formed in growth medium from synovial and other cultures with a minimum level of 20 to 30 ztg. hyaluronic acid per ml. (Grossfeld, Meyer, and Godman, 1955; Grossfeld, 1961) . Mucin clots have also been precipitated from cellculture media by dialysis against acid buffer, but recovery of less than 15 ,tg. hyaluronic acid per ml. is incomplete and unpredictable (Hamerman, Todaro, and Green, 1965) . Nevertheless, the mucin clot test has been widely used to study the secretion of hyaluronic acid in vitro (see Dingle and Webb, 1965) .
The speed and simplicity of the mucin clot test make it very useful in day-to-day observation of synovial cell cultures, even though hyaluronic acid content of the medium is usually less than 20 pg./ml. Gramling, Rizvi, and Holley, 1960) . The protein content of the clots is said to be influenced by that of the parent fluid (Ropes, Robertson, Rossmeisl, Peabody, and Bauer, 1947; Sundblad, 1950) , but the extent of this influence has not been clearly defined.
In this paper the formation and composition of mucin clots from synovial cell-culture medium and similar fluids are considered, partly for comparison with the findings in studies of synovial fluid and partly to evaluate the mucin clot as a measure of hyaluronic acid in cell-culture medium. A basis was also needed for further study of a peculiar inhibitory effect of fresh serum upon mucin complex formation, which will be described separately.
Material and methods
HYALURONIC ACID Synovial fluid obtained from human knee joints post mortem was filtered through fibreglass and cleared by centrifugation. Hyaluronic acid was concentrated from this fluid as ultrafilter residues (Ogston and Stanier, 1950) using Millipore membrane of 0-45 Z pore-size to ensure selection of highly polymerized material. The residues were dissolved in 0-15 M NaCl. HUMAN SERUM was prepared from normal fasting subjects, and treated at 56°C. for 30 minutes. GROWTH MEDIA from stock synovial cell cultures (Fraser and McCall, 1965) Apart from the expected variation with the amount of hyaluronic acid, the size of mucin clots was directly related to the concentration of serum. Thus clots developed in 50 per cent. serum were consistently several times larger than those in 10 per cent. serum (Fig. 1) , whether in culture media in which the hyaluronic acid was independently measured by another method (Harris and Fraser, 1969b) , or in mixtures of predetermined composition. The smallest detectable clots were merely a few threads from 2 ,ug. hyaluronic acid in 1 ml. 10 per cent. serum, (i.e. with about 7 mg. serum protein).
Hyaluronic acid in foetal calf serum alone gave precipitates of numerous fine but stable threads, a difference which was probably due to the greatly different protein constitution of foetal calf serum (see, for example, Clarris and Fraser, 1967 (Table II) . Mean recoveries of hyaluronic acid were complete throughout. 2-7 0-44 2-0-3-3 5-2 50 5-3 0-31 4-9-5-8 9-2 33 9-7 0-55 9-1-10-7 10-2 50 10-4 0-47 9-8-11-0 14-0 50 14-3 0-75 13-1-15-0 *n = 6.
One pool of synovial cell culture medium containing 10 per cent. human and 5 per cent. foetal (Table III) .
Two separate pools of culture medium were also assayed for hyaluronic acid content by the mucin clot test and by a different method based upon precipitation with cetyltrimethylammonium bormide. As reported elsewhere (Harris and Fraser, 1969b) , there was close agreement in the mean recoveries of hyaluronic acid by both methods although the mucin clot test gave a significantly greater variation.
All duplicate estimations of hyaluronic acid recovery as mucin clots were considered in two classes: those in which hyaluronic acid was added to serum and those in which it was recovered from cell culture medium.
The errors of single estimates:
S=JEd2 (Eraink and Kihlberg, 1955) are given in Table IV . 
